This papers contains a survey of the recent literature devoted to the returns to schooling within a dynamic structural framework. I present a historical perspective on the evolution of the literature, from early static models set in a selectivity framework (Willis and Rosen, 1979) to the recent literature, stimulated by Keane and Wolpin (1997) , and which uses stochastic dynamic programming techniques. After reviewing the literature thoroughly, I compare the structural approach with the IV (experimental) approach. I present their commonalities and I also discuss their fundamental differences. The discussion is focussed on the comprehension of the discrepancy between structural and reduced-form estimates of the returns to schooling.
Introduction
The return to schooling is one of the most investigated parameters in modern economics. It plays a central role in microeconomic models of human capital accumulation and is also important in the empirical growth literature. At the policy level, increasing the level of education in the population is generally regarded as a desirable goal and knowing the effect of schooling on wages or labor market productivity is therefore a major concern to most policy makers.
Because schooling decisions are potentially affected by unobserved individual skills and tastes which are also correlated with individual wages, economists have been reluctant to associate a structural interpretation to the positive correlation between schooling and wages. Indeed, the sign of the statistical bias that may occur when measuring the causal effect of schooling on wages by a simple correlation or by OLS techniques, typically referred to as the "ability bias", has been the object of much debate over the last 40 years.
In view of the general interest in skill formation policies, it is important to obtain a measure of the true causal effect of schooling on wages. This objective has been at the forefront of the empirical labor economics literature for many years and, most likely, it will continue to be for some time.
This paper contains a survey of the recent literature in which the returns to schooling are estimated using structural dynamic programming techniques. The evolution of the structural literature is split into three fundamental stages. The first stage consists of seminal work on schooling and earnings by Becker (1964) and Mincer (1958) . The econometric self-selection literature, which culminates in Willis and Rosen (1979) constitutes the second stage. Finally, the recent literature stimulated by Keane and Wolpin (1997) , and which uses stochastic dynamic programming techniques, forms a third stage of the evolution of the structural literature, and it is the focus of this survey.
In order to be consistent with the terminology found in the existing literature, I use the term "return to schooling" to refer to the causal effect of schooling on wages even though the term is slightly abusive. While the effect of schooling on wages is only partially related to the concept of a rate of return on an investment, it is widely accepted in labor economics. 1 Until recently, the literature on the return to schooling had been completely dominated by experimental strategies using instrumental variable (IV) techniques or by empirical studies advocating OLS regressions augmented with an observable measure of market ability.
2 However, the literature concerned with human capital accumulation, and based on structural stochastic dynamic programming (SSDP) techniques, has expanded rapidly in the past 10 years. It now offers a different perspective on the issues surrounding the measurement of the returns to schooling and it provides a transparent illustration of several dynamic self-selection issues central to the analysis of education and skill formation policies. Obviously, the structural and the experimental approaches to estimation are based on completely different philosophies and are, at a technical level, fundamentally different. However, and more importantly, there is a surprising discrepancy between the relatively high estimates of the return to schooling reported in the IV literature and those, much lower, obtained in a structural framework. 3 For this reason, the structural literature deserves some attention.
While the focus of this survey is on the return to schooling, the contribution of the structural approach to human capital models is certainly not confined to what is reviewed below. Obviously, the structural approach identifies parameters which are not identifiable in the experimental literature. There are a wide range of issues such as the effects of liquidity constraints on schooling enrollment, the effect of risk aversion on schooling decisions or the effects of counterfactual tuition policy changes that are examined typically within a structural framework. These topics are interesting in their own right. However, estimates of the returns to schooling are found in both structural and experimental papers. Their comparison is therefore particularly enlightening.
The paper is made of two fundamental parts. The first part is devoted to the structural literature itself and it is made of the following elements. First, in Section 2, I present a short historical perspective of the early literature on schooling and earnings, which dates back to Becker (64) and Mincer (58). In Section 3, I turn to the first generation of "structural models" of endogenous schooling decisions which emerged as a special case of the econometric literature on selfselection (Heckman, 1979) . This literature is exemplified in a key contribution by Willis and Rosen (1979) . After reviewing briefly the structure of empirical dynamic programming models which emerged in the 1980's in Section 4, I devote Section 5 to the second generation of structural human capital accumulation model which focussed on post-schooling investments and assumed that schooling was pre-determined Wolpin, 1989 and 1995) . Subsequently, in the core of the paper (Section 6), I review a set of papers devoted to the modeling of schooling decisions in a stochastic dynamic programming setting and stress their specificities as well as their estimates of the returns to schooling. These include Keane and Wolpin (1997 , Eckstein and Wolpin (1999) , , Magnac and Thesmar (2002b) . In section 7, I examine three contributions set in a general equilibrium framework (Heckman, Lochner and Taber, 1998, Lee, 2005 , and Lee and Wolpin, 2006) . The second part of this survey is devoted to a comparison of the IV approach (the most popular approach in empirical labor economics) and the structural approach. In Section 8, I discuss and analyze their commonalities as well as their key differences. This leads to Section 9 which is devoted to the potential reasons why structural and reduced form estimates may be different. Finally, some avenues for future research are identified in the Conclusion.
The Return to Schooling and the Mincer Equation
The correlation between education and wages has been analyzed in seminal pieces by Becker (1964 Becker ( , 1967 and Mincer (1958 Mincer ( , 1974 . At the time, the fundamental models underlying schooling choices were virtually all based on a lifecycle income maximization hypothesis. In its simplest form, the early Becker-Mincer model assumes that individuals maximize lifetime earnings, V (s), by choosing the optimal level of schooling s. The objective function is given by
where T is the time horizon (it may be finite or infinite), w(s) denotes the earnings of an individual with a schooling level s, and r is the subjective rate of interest. At that time, it was customary to assume that individuals choose the optimal level of schooling without any consideration for the post-schooling human capital accumulation opportunities or, alternatively, that post-schooling wage growth is exogenous. It was also common to assume, mostly for expository convenience, that individuals earn nothing while in school. In this framework, the relationship between wages and schooling is understood as a compensating wage differential, emerging from individual differences in discount rates. The first formal representation of the human capital accumulation process as an intertemporal optimization problem is due to Ben-Porath (1967) . Ben-Porath assumed competitive labor markets and, more precisely, that individuals are paid their marginal product according to their individual specific level of skills. In his model, offered wages reflect the spot market value (the rental price) of a unit of skill multiplied by the total stock of accumulated skills. That is
where W t is labor market wage, P t is the rental price of a skill and K t represents the human capital (total number of skills). A quick glance at equation (2) reveals the inherent identification problem that underlies any analysis of human capital theory. Both human capital (K) and skill prices (P) are fundamentally unobservable. The Mincerian approach assumes that human capital accumulation (or skill acquisition) is rendered possible by combining inputs such a time spent in school, time spent in the labor market, and innate ability.
It is the production function representation of the relationship between accumulated skills (as an output) and education, experience and abilities (as inputs) that gave rise to the celebrated Mincer wage regression (Mincer, 1974) ; log W t = w t = ϕ 0 + ϕ 1 (S t ) + ϕ 2 (Exp t ) + ε t
where ϕ 1 (S t ) represents the effects of schooling, ϕ 2 (Exp t ) represents the effects of post-schooling human capital accumulation decisions (approximated by experience) and ε t may be seen as an idiosyncratic productivity shock. Note that ϕ 2 (Exp) is typically defined for an exogenous post-schooling human capital accumulation path and assumed to be concave in accumulated years of labor market experience.
By the early 1970's, the estimation of the returns to schooling using Mincerian wage regressions had become one of the most widely analyzed topics in applied econometrics. In his survey of the earlier literature, Griliches (1977) pointed out several econometric problems that arise in estimating the returns to schooling and, in particular, those pertaining to the measurement of both schooling and ability. Until then, substantial effort had been devoted to the estimation of the return to schooling with control variables measuring (or proxies of) unobserved ability.
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More interestingly, Griliches recognized that the endogeneity of schooling decisions, virtually ignored until then, was a serious issue which might have prevented economists from uncovering the true causal effect of education on earnings. At the econometric level, the main issue may be illustrated by the following simplified version of the Mincerian wage equation,
where η i is unobserved market ability. Ignoring post-schooling labor market experience, the discrepancy between OLS and IV estimates is a reflection of the correlation between schooling and ability η i and gives rise to the celebrated notion of ability bias. The ability bias hypothesis was based on the rather intuitive idea that those who are more able (those endowed with a high value of η i ) are also more likely to be more educated. At a fundamental level, it was disregarding the possible existence of multiple skills and, in particular, it ignored the importance of comparative advantages in the labor market. Nevertheless, the points raised by Griliches stimulated a large number of empirical studies aimed at tackling the endogeneity of schooling.
In the second half of the 1970's, the endogeneity of schooling was widely accepted.
As is the case for all econometric models plagued with endogenous variables, there are two alternative approaches to estimating the return to schooling. One branch of the literature, now known as the "Experimental" literature, adopted as its fundamental paradigm the reliance on exogenous variables that are correlated with schooling but uncorrelated with the error term of the wage equation. Ultimately, the analyst "instruments out" schooling so to obtain an independent variation. 5 A second approach, more in line with economic theory, consists of modeling schooling decisions jointly with wage outcomes. In order to achieve this, the econometrician must build a model in which both the causal and the spurious effects of education on wages are separately identifiable. In modern econometric jargon, this approach is referred to as "structural". At that time, economists developed a first vintage of "structural" models of schooling and earnings in which the utility equations were ad hoc approximations of the maximization problem faced by the agent. In modern terminology, it is probably more accurate to refer to this stream of the literature, which I will be discussing now, as "semi-structural".
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Despite its intertemporal aspect, the lifetime earnings maximization paradigm behind most studies was inherently static. That is economists paid no attention to modeling optimal post-schooling investments and ignore the description of the law of motion that maps current schooling choices into future opportunities.
The Self-Selection Literature
To a large extent, the new (semi) structural literature on schooling and earnings was largely tributary of the contemporaneous progress in computational facilities and also relied on some important results in the econometrics of self-selection models (Heckman, 1979) . The key contribution of the self-selection literature was to provide a clear statistical framework (based on economic theory) to analyze samples where the observability of individual units was governed by the individuals own decisions (say, a sample composed solely of college graduates).
Not surprisingly, the self-selection literature on schooling was also fundamentally static and focused on the decision to attend college. At the time, it was already recognized that measuring the return to education was complicated by self-selection. Obviously, the fact that individual with very low wages (typically with low levels of schooling) are underrepresented in a standard cross-section survey of the labor force participants, implies that the correlation between wages and schooling may diverged from the true one.
7 Furthermore, many researchers questioned the validity of the ability bias (positive) and pointed out its superficial content.
The literature of the late 70's constitutes a first step toward the comprehension of the selectivity process that governs skill acquisition and schooling decisions. Many contributions may be imbedded in the model of comparative advantages developed by Roy (1951) . Consider an individual contemplating to attend college. He/she is endowed with the following wage equations;
where w i,hs is the wage (in log) if the individual stops after high-school graduation and w i,c is the potential wage as a college graduate. The error terms ε i,hs and ε i,c represent unobserved abilities in jobs requiring high school training and college training respectively and X i is a vector of individual characteristics. The optimal decision is represented by the following latent structural equation
where S i = 1 when S * i > 0 and 0 if not. In most related applications, it is assumed that ε i,hs , ε i,c and ε i,S followed a multi-variate normal distribution and the vector Z i contains all elements of X i plus other regressors that would affect the discount rate (say parental income).
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The self-selection model, as applied to the schooling decision process, was a major advance. In particular, it allowed labor economists to rethink the return to schooling in a framework where it is no longer viewed as a single parameter.
Willis and Rosen (1979): Education and Self-Selection
This approached is exemplified in Willis and Rosen (1979) , who extend the Roy model so to incorporate an exogenous individual/occupation specific growth rate. Willis and Rosen start with a model of life time earnings, denoted Y ij , where i is the individual subscript and j is the education level achieved by the individual (either high school or college). Willis and Rosen were the first to model schooling decisions in a non-hierarchical structure which allowed explicitly for the existence of comparative advantages.
They assume that
whereȲ ij is the initial earnings and g ij is the individual earnings growth under regime j. The authors assume that both the initial earnings function and the growth rate are represented by a linear equation;
and
where U Y ij , U g ij are individual specific error terms representing cross-sectional heterogeneity.
The optimal schooling decision is obtained by assuming that individuals maximize lifetime earnings and that each individual is endowed with a subjective discount rate, r i , given by the following equation
where the vector Z i contains regressors that would affect the discount rate (say parental income). Willis and Rosen assumed U Willis and Rosen estimated their model on a sample of World War (39-45) veterans. They found evidence in favor of comparative advantages (positive sorting). That is individuals who go to college have higher lifetime earnings in jobs requiring college than those who did not, and also find that those who did not enroll in college have higher life time earnings in jobs requiring high school training than those who enrolled in college, had they decided to work in high school type occupations. They also find that Math test scores significantly increase the earnings of college educated workers but have no effect on earnings of high school graduates.
Willis and Rosen's contribution was remarkable in many respects, but in particular, it pointed out that in the presence of multiple skills (two skills in this specific instance), the notion of ability bias was much more complex than in a single skill (hierarchical) representation. In particular, when cov(ε i,hs , ε i,c ) < 0, individuals who self-select into low skill jobs may achieve higher lifetime earnings than they would have if they had chosen to attend college. However, as does all the literature based on self-selection models, their analysis was plagued by the difficulty to infer counterfactual choices. For this reason, they could not obtain an estimate of the covariance between ε i,hs and ε i,c . Nowadays, identifying correlations between unobservables that generate counterfactual outcomes is still a major challenge. In this section, I present the general structure of stochastic dynamic discrete programming models. The models surveyed in the following sections (Sections 5, 6 and 7) belong to the general class of SSDP models which I will briefly describe now. The reader who is familiar with the specifics of structural estimation in a dynamic framework, may skip this section and go directly to Section 5.
The General Structure
To a large extent, it is the development of dynamic macro-economic theory that took place in the 1970's that stimulated interest in the estimation of dynamic microeconomic models in the 1980's. As more and more economists became familiar with stochastic dynamic optimization techniques, and with regular improvements in computer power, the development of empirical methods for the estimation of dynamic discrete choice models was inevitable. 10 At a first stage, econometricians estimated relatively simple discrete dynamic programming models such as optimal stopping models but they gradually moved to models with relatively high number of choices (Rust, 1987 , and Pakes, 1986 , and Wolpin, 1984 .
Structural stochastic dynamic programming models are based on the fundamental idea that agents are forward looking. In the structural approach, the estimated parameters are also those used to solve the agent's optimization problem and therefore provide a clearer connection between economic theory and the data than do IV or reduced-form estimates. The implementation of a structural model therefore requires two fundamental steps; the solution of the dynamic programming problem (for a given set of parameters) and an iterative optimization procedure over the relevant parameter space in order to maximize an objective function (or minimize a distance). 10 Nowadays, stochastic dynamic programming belongs to the standard toolkit necessary to the completion of graduate training in economics. This is largely due to the revolution in macro economics initiated by the work of Robert Lucas. Classical references on dynamic programming include Bellman (1957) , Whittle (1982) and Stokey, Lucas and Presscott (1989) .
11 Within a structural framework, it is also easy to simulate counterfactual policy experiments and therefore to evaluate relevant policies. Eckstein and Wolpin (1989) and Rust (1997) present comprehensive surveys of this literature as well as the solution and estimation tech-Consider an individual facing k = 1, 2..K possible actions and maximizing the expected discounted lifetime utility over a finite horizon going from t = s, s + 1, ...T . Lifetime utility is assumed to be time separable and the per-period utility of choosing option k, U k (t), may depend on the choice (subscript k) made by the individual at time t or it may depend on t explicitly. The control variable is d kt = 1 when k is chosen and 0 if not and β is the discount factor. Define the set containing all state variables known by the agent at t as Ω t . The optimal value function (Bellman, 1957 ) is
As is standard in the literature, assume that Ω t contains a vector of state specific random shocks (ε tk for k = 1, 2 K) and that these ε tk s are known when the decision is made (at the beginning of period t) but that the future values are unknown (although their distribution is known).
In many applications, the per-period utility, U k (t), is additively separable with respect to the random shock. If so, it is the sum of a deterministic component, U k (t), and a state specific utility shock, ε tk , and the state specific value function is written as
or, more compactly, as
Relaxing non-separability (additive) is possible, but it may entail additional computational problems. The dynamics are contained in the parametric relationship (denoted t (.)), between current choices and future state variables, namely
and where t is a cumulative distribution function. The Markovian property of (14) may also be relaxed, but only at a relatively high computational cost. The expected value in (13) is taken with respect to the future ε kt s. In a timely fashion, the order of causation is the following
In many schooling models where individuals maximize lifetime earnings, the Mincer wage equation is at the same time the law of motion (14) and a key element of the per-period utility of working. In words, (14) implies that the wage offered niques involved.
at the beginning of period t+1 (which is one element of Ω t+1 ) is a stochastic function of both the accumulated level of human capital at the beginning of the previous period (schooling and experience at the beginning of t) and the choice made last period (whether one worked or attended school in t).
Estimation
Using recursive techniques, estimation of the parameters of U k (.) and t ,(and potentially β) may be achieved by various method of moment estimators (including maximum likelihood). The fundamental input required at the estimation step is an expression for the probabilistic choice of option k. In general terms, the probability that option k is chosen is simply
In the case where U kt () is linear in the ε tk s, this expression takes the form of a non-linear discrete choice equation and boils down to the probability that the ε kt exceeds a threshold value.
However, even in such a case, the technical difficulties arise in the evaluation of the EV t+1 (.). When the model is set in a finite horizon framework, the solution method will be based on recursive techniques (Bellman, 1957) . In general, there are no closed-form expression for it, and numerical methods need to be used.
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However, in specific cases, it may be expressed in analytical form. 13 
Dynamic Self-Selection
Dynamic self-selection may be introduced by assuming that
where ω ik is an individual specific (time invariant) taste for choice k, and/or by specifying an individual specific law of motion:
where η i is an individual specific effect affecting labor market outcomes. The vector {ω k i , η i } is a representation of the individual specific initial endowments in taste and abilities existing before the start of the human capital accumulation process. They are permanent (time invariant) and unobserved to the econometrician. However, they are assumed to be known by the agent. In the context of a schooling decisions problem, ω ik may play the role of unobserved taste for schooling, η i could be labor market ability, and it would represent the Mincer wage equation. It will be convenient to assume that {ω 
Identification
In the econometric literature, non-parametric identification results are well known for certain types of reduced-form dynamic models such as proportion hazard models. In the structural literature, identification is typically considered within a particular parametric structure. As of now, the common view is that structural models require to specify preferences and technology and therefore imply functional forms and parametric assumptions. The degree of under-identification (non-parametric) is analyzed precisely in Rust (1994) and although they consider the identification of generic models where data on outcomes are ignored. However, in recent work, Heckman and Navarro (2006) have developed a framework (a set of assumptions) in which it is conceivable to identify a dynamic discrete choice model semi-parametrically. Their results imply that, under certain conditions, estimation of a structural model does not require a parametric distribution for the error shocks, although no empirical application seem to currently exist.
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As each case is specific, it is impossible to give a general recipe for identification. Estimation is usually performed using maximum likelihood techniques or their simulated counterparts. This implies that, in most of the cases, estimation requires solving a number of moment conditions equal to the number of parameters. Obviously, estimation requires identifiability of the particular parametric structure. Typically, as most complicated identifiable non-linear models, structural models are locally identified. However, in the case where a specific model is estimated at a low computation time cost, it is sometimes possible to search a larger parameter space for other local maxima. It should be noticed that most empirical papers devoted to human capital use data on choices (schooling and employment) and panel data on labor market outcomes (mostly wages and employment outcomes). The use of panel data is not innocuous. In many applications, such as in the case where the ability bias is investigated, the correlation betweenω k i , η i becomes a key element of the model. Data on post-schooling outcomes therefore play a large part in the identification of some of the parameters of the model.
Basically, the estimation step requires forming the joint probability of the individual specific choices and market wages (when observed) over the life cycle. For a given individual i, the joint probability is the product of all period specific probabilities; that is
where the particular form of Pr(d ikt , w it ) will differ according to the specificity of the model considered.
In virtually all models allowing for permanent unobserved heterogeneity, it is assumed that individual unobserved (to the econometrician) skills are fully known by the optimizing agent. 16 This implies forming the following mixed likelihood function:
where θ(.) is a set of parameters to be estimated. In practice, (20) is maximized with respect to a discrete approximation of G(.) with a fixed (known) number, say M, of types. This means that each type is endowed with a specific vector of endowments (ω k m , η m ) and the integral is then replaced by a discrete sum such as;
where Pr(type m) refers to the population proportion of individuals belonging to a particular type m.
Dynamic Models of Employment Decisions with Pre-determined Schooling
Until the second half of the 80's, the literature on schooling was mostly confined to static relationships estimated from cross-sectional data. At the same time, and as mentioned previously, the earlier structural dynamic micro econometric models of the labor market did not focus on human capital per se. In the early 80's, many countries experienced high unemployment rates, and several labor economists paid particular attention to the search behavior of the unemployed within an optimal stopping framework. At a technical level, the optimal job search behavior is the simplest dynamic programming model that can be estimated, but it may also be regarded as one of the most relevant forms of post-schooling human capital investment.
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Because computation time was still a major constraint by the end of the 80's, those who investigated post schooling investments (labor supply, experience accumulation or search behavior) treated schooling as predetermined. In terms of equation (12), this implies that most researchers set s at the time of labor market entrance and include schooling achievements in Ω s . I now review two of these contributions; Eckstein and Wolpin (1989) and Eckstein and Wolpin (1995) .
Eckstein and Wolpin (1989): Dynamic Labor Force Participation
Eckstein and Wolpin (1989) estimate a structural dynamic model of married women's labor force participation which embodies intertemporal substitution through preferences and constraints. Their model analyzes time allocation between 2 options; namely work and leisure (or home production) from age 45 until retirement. The law of motion is a Mincer equation with endogenous work experience. The utility function is linear and additive in consumption so the authors may disregard borrowing and saving behavior. However, as the utility function is not intertemporally separable, it is consistent with the existence of a diminishing marginal utility of leisure (non-market time) or its opposite, namely habit persistence. In their model, women experience a disutility of work but also take into account that accumulated experience raises future wages. Both fertility and schooling are exogenous. Current labor force participation affects future wages which itself affect future labor force participation. EW do not consider unobserved heterogeneity in market ability but focus on selectivity issues arising in the presence of heterogeneous tastes (or distastes) for work (unobserved heterogeneity is introduced as a intercept term in the instantaneous utility of work). The model is estimated using data from the National Longitudinal Survey of mature women (they restrict attention to those who were between 39 and 44 years old in 1967). This avoids modeling childbearing decisions.
The results indicate that labor market participation reduces total utility and that the disutility of work increases with schooling. As well, the disutility of work rises with accumulated experience. The return to schooling is estimated to be 0.05 while the return to experience and its square are found to be 0.024 and -0.0002 respectively. Interestingly, the authors also investigate how taking into account unobserved heterogeneity may affect the return to experience. When the authors re-estimate their model with an individual specific unobserved taste for work (fixed effect), the return to experience is diminished slightly but state dependence remains important. Eckstein and Wolpin (1989) is an important paper in the literature. It is the first structural dynamic programming model of human capital accumulation set in a Mincerian framework and estimated from micro-data. This is also the first example of the use of structural estimation in order to correct for heterogeneity bias. There is therefore a similarity between the paper and the earlier literature on employment and self-selection (Heckman, 1979 ).
Eckstein and Wolpin (1995): The Return to Schooling in a Search/Matching Model
Eckstein and Wolpin (1995) are the first authors to attempt to estimate the returns to schooling within a search framework. 19 However, the authors depart from the standard partial equilibrium search framework and estimate a search/bargaining model in the spirit of Diamond and Maskin (1979). In their model, education is exogenously determined. They assume that firms and workers meet randomly (given a level of effort endogenously determined by both the firm and the worker) and sample one observation from a "match" distribution. The optimal decision rule is to search until a match value exceeding a reservation level is actually drawn. Using data on the duration to first job and accepted wages, and imposing further restrictions on the solution to the bargaining problem, the authors are able to recover some key parameters.
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The use data from the 1979 youth cohort of the NLSY. They perform separate estimation for blacks and whites, and distinguish between four schooling levels; high-school non-completers, high school graduates, college non-completers and college graduates. As exposed in (19) , EW distinguish between offered wages and accepted wages when estimating the return to schooling. They argue that observed differences in mean accepted wages provide a distorted picture of the return to schooling since not all the firm-worker matches are accepted. Offered wages, on the other hand, are more dependent on market fundamentals (productivity, discrimination,etc.). To illustrate this, EW show the discrepancy between the returns to schooling measured from observed wages and those obtained from offered wages, in their sample, the differentials in mean accepted wages by schooling level ranges between 7% and 26%. Mean accepted wages are much higher than mean offered wages. EW compute internal rates of return to schooling (the interest rate that equates the present value of the constant streams of offered wages for each incremental schooling level) on both accepted and offered wages. In general, those computed with offered wages (ranging from 6% to 27% for white males) are higher than those computed with accepted wages (ranging from 5 % to 12%).
Again, it is possible to draw a parallel between Eckstein and Wolpin's contribution and the early self-selection literature discussed in Section 3.1. Just like the under-representation of low wage workers in a standard cross-section survey of labor force participants is likely to affect the estimates of the effect of schooling on market productivity, the presence of unobserved heterogeneity in search costs (and reservation wages) and the existence of search frictions is likely to distort the correlation between true labor market productivity and schooling, when inference is made solely from accepted wages. Interestingly, and as of now, the distinction between offered and accepted wages has not retained much attention. This is true both in the structural and the experimental literature. As we now enter the next section focussing on the recent structural dynamic programming literature devoted to endogenous schooling, we will see that virtually all models are set in a competitive framework. This will imply an automatic adequation between observed wage growth and human capital enhancement.
Dynamic Models of Schooling and Employment Choices
In the 1990's, applied econometricians started to implement dynamic discrete choice models of schooling decisions within a fully structural framework. The development of econometric techniques for the estimation of dynamic programming models allowed economists to re-think the Becker-Mincer paradigm of human capital accumulation in a framework where schooling was treated truly as a discrete choice and where uncertainty played a key role. After all, the dynamic programming representation of the human capital accumulation process obviously embeds the Becker/Mincer model as a special case. Most of the contributions discussed below allow for a broad set of options which, in all cases, incorporate the decision to attend school, but also other decisions such as employment/occupation choices, savings decisions, the decision to work while in school. In virtually all cases, the law of motion incorporates a standard Mincer equation plus other additional features depending on the structure of the model. Finally, most contributions are characterized by a rich heterogene-ity specification and reserve an important role for dynamic self-selection. To a large extent, most of these contributions may be seen as extensions of Willis and Rosen's static schooling decision model.
Keane and Wolpin (1997): Life Cycle Schooling and Occupation Choices
Keane and Wolpin (1997) constitutes a seminal piece in the literature. The authors estimate a structural dynamic programming model of schooling, home production and occupation choices (blue collar, white collar and military occupations). The model is fit on a sample of young males taken from the 1979 cohort of the NLSY. The model is original in many dimensions. First, it is set in a multiple skill framework where the different skills are defined by occupation types (blue collar, white collar and military occupations). Second, experience accumulation is endogenous; that is individuals choose to work or not and the type of work experience to accumulate. The authors estimate occupation specific returns to schooling in a context where both schooling and occupation type are endogenous. This is a major achievement.
To put the paper in perspective, it is useful to consider the form of the Mincerian regression function. It is given by the following expression
where m is the occupation indicator. It is important to note that accumulated experience in each different occupation affects the mean wage offer in every occupation. The term η m refers to occupation specific unobserved skills by age 16. The regression function therefore allows for heterogeneity in slopes, although the heterogeneity is only allowed though specific occupations. Keane and Wolpin postulate that the per-period utility of attending school is additive in the stochastic error term and assume that the per-period utility of work is the wage rate. 21 The utility of attending school is denominated in monetary equivalent. There exist no closed-form solution for the value functions. They must rely on repeated numerical solutions of the value functions. Given the complexity, KW develop an approximation method. The approximation method is based on interpolation methods which use simple OLS regression techniques. 22 Keane and Wolpin consider a rich heterogeneity specification. The utility of attending school is assumed to be affected by an individual specific unobserved heterogeneity term as well as age and grade level specific costs. This heterogeneity term is allowed to be correlated with occupation specific skills appearing in (22) . They assume that the population distribution is approximated by a discrete distribution with a fixed (known) number of types. KW set the number of types to four. As they model choices from age 16 onward, they must condition on observed differences in schooling attainment and let the type probabilities depend on schooling. 23 Interestingly, given the allowance for endogenous occupation choices, it is possible to view the correlation between various skills and schooling attainment as a source of occupation specific ability bias. Basically, the correlation between individual/occupation specific skills and the utility of attending school will dictate whether or not those who are more able (at one occupation) will achieve a higher level of schooling. Because the wage regression is linear in unobserved skills, the model analyzed by the authors is compatible with the existence of a negative as well as a positive ability bias.
Keane and Wolpin find that white collar skills are the most strongly correlated (positively) with taste for schooling. While they do not report correlations between skills, this may be inferred from the type specific rank for each heterogeneity component. Indeed, the type specific rank for white collar skills and taste for schooling are exactly coincident.
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In their preferred specification, the returns to schooling are found to be 0.070 for white collar occupation, 0.024 for blue collar occupation and 0.058 for military occupations. Obviously, there are no comparable results in the IV literature but, when averaged over all types, these returns are low. This is especially true when compared to OLS estimates of the return to schooling applied to different waves of the NLSY, which range between 0.09 and 0.11.
The contribution of Keane and Wolpin is remarkable in many respects. Indeed, it is most likely the most important contribution to the empirical schooling literature since Willis and Rosen (1979) . It is the first structural paper that stresses that there is no such thing as a single return to schooling and to find relatively low returns to schooling (compared to the IV literature). This is especially true for blue collar occupations. Perhaps more importantly, KW are the first to estimate the importance of persistent individual endowments in explaining schooling attainment and to provide a formal variance decomposition of lifetime utility (or earnings) in terms of individual skill endowments (at age 16) and accumulated human capital. Indeed, the fact that individual endowments explain more than 80% of the variance of lifetime wealth also imply that college attendance subsidies would be ineffective to reduce life cycle inequality.
Keane and Wolpin (2000): Racial Differences in Wages and Schooling Attainments
In their 2000 paper, KW investigate the black/white differential in schooling attainments show that the schooling/occupation choice model may also be used to fit the behavior of young black males. As the model is structured like KW(1997), there is no need to describe it any further. The model is fit on a sample of black and white males taken from the NLS 79. Basically, the authors find that by allowing for different skill endowments at age 16 (basically, allowing for different type proportions) and for different skill rental prices for blacks and whites (basically, a racial indicator binary variable in the Mincer wage function), their model is capable to explain schooling attainments of young blacks. The return to schooling in blue collar occupations (0.020) and white collar occupations (0.071) are quite comparable to those reported in their 1997 paper. They conclude that differences in initial endowments along with racial discrimination can explain the relatively low schooling attainments of Blacks and that there is no evidence that young blacks fail to behave as forward looking agents. Interestingly, KW report that when discount rates are estimated separately for blacks and whites, they are quite similar (around 0.93 per year).
Keane and Wolpin (2001): The Role of Parental Transfers and Liquidity Constraints in Schooling Decisions
In Keane and Wolpin (2001) , the authors investigate to what extent do differences in parental transfers account for the positive intergenerational correlation in educational attainment. In their model, young individuals make decisions about school attendance, work participation and consumption. They allow for the possibility of part time activities in work and college attendance. Estimation is performed using data on schooling, wages, assets, work, parental co-residence and parental education. In their model, the intergenerational education correlation is potentially explained by several mechanisms. First, individuals endowments at age 16 are potentially correlated with parents' education. Second, parents provide financial transfer to young individuals according to an exogenous rule which depends on school attendance. The model also assumes that net assets must exceed a lower bound and that the lower bound is more binding as assets approaches 0. The model therefore allows for a critical importance of parental transfers.
While the focus of the paper is obviously not on the return to schooling, the key findings still have implications for the return to schooling. The return to schooling is found to be 0.075. As we will see later, those individuals estimating the return to schooling by IV techniques often justify their high returns to schooling by the fact that there may be a substantial sub-population of individuals who have relatively high returns to schooling but cannot attend because of liquidity constraints. However, Keane and Wolpin find that the return to schooling are still relatively low when one allows for liquidity constraint but, moreover, liquidity constraints appear to play no role.
Belzil and Hansen (2002,a): The Convexity of the Wage/Schooling Relationship and the Ability Bias
Belzil and Hansen (2002) use a dynamic programming model in order to investigate the shape of the wage schooling relationship and evaluate the ability bias as defined by the correlation between schooling achievement and the individual specific intercept term of the wage equation. In their paper, there are three states; schooling, labor market work, and an intermittent state capturing the fact that the schooling acquisition process is not necessarily continuous. As the objective is to obtain structural estimates comparable with those reported in the IV literature, they do not distinguish between occupation or sectors. The model may therefore be viewed as single skill model. The model is implemented on a panel of white males taken from the National Longitudinal Survey of Youth (NLSY) covering the years 1979 to 1990. The sample appears to be quite close to the one analyzed in Keane and Wolpin. The Mincerian wage function is specified as
where ϕ 1 (.) is left unspecified and is estimated flexibly with spline techniques. They allow for the local returns to differ from grade level 8 to 17.
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Belzil and Hansen (BH) parameterize the utility of attending school as a function of parents' background variables (father and mother's education, family income, number of sibling, regional dummies and family status indicating whether the individual was raised by both parents). However, the utility of work (the log wage rate) is not function of the parents' background variables, after conditioning on schooling.
26 Unobserved heterogeneity has two dimensions: heterogeneity in school ability (taste for schooling), and heterogeneity in market ability. They assume that there are K types of individuals and that each type is endowed with a pair of school and market abilities (ω k i , η i ) for k = 1, 2...K and set K = 6. The distribution of unobserved ability is orthogonal to parents' background by construction and should be understood as a measure of unobserved ability remaining after conditioning on parents human capital. Note that BH model schooling choices from grade seven onward, so they do not really need to take into account endogenous initial conditions.
The correlation between ability in school and ability in the market, Corr(ω k i , η i ), is found to be very high (0.95). In order to evaluate the potential ability bias, BH perform type specific simulations of schooling decisions and wage histories.
They find that the correlation between unobserved market ability and realized schooling is equal to 0.28. Orthogonality between market ability and realized schooling is therefore strongly rejected. This provides evidence in favor of the existence of a strong positive ability bias although the correlation is technically speaking not a structural estimate of the OLS bias.
The estimates of the Mincerian wage regression indicate that the marginal returns are generally increasing with the level of schooling up to grade 14. The local returns to college training are substantially higher than the returns to highschool education. Indeed, schooling has practically no value until grade 12. Until grade 10, the local return is below 1% per year (0.4%). It increases to 1.2% in grade 11 and to 3.7% in grade 12. Beyond high school graduation, the local return starts to increase substantially. The local return increases to 6.0% in grade 13 and 12.7% in grade 14. After a drop at grade 15 (the local return is around 10.7%), the return to grade 16 raises to 12.2%. In subsequent years (corresponding to graduate training), the local returns are estimated to be 8.8% per year. Until college graduation and contrary to what had been often postulated, the log wage regression equation is generally convex in schooling.
These returns to schooling are relatively low. BH explain their result by the fact that in the presence of large differences in local returns between various grade levels, OLS and linear IV estimates (measuring an average log wage increment per year of schooling) will tend to be biased toward the local returns at schooling attainments that are the most common in the sample data. Their results illustrate the distortions introduced in a model built on the assumption that the local returns to schooling are constant. They also note that structural estimates do not require the form of separability between schooling and individual specific endowments which is needed in IV estimation.
It is possible to draw a parallel between these estimates and those reported in Keane and Wolpin (1997) . The high degree of convexity reported in BH 2002 may be a reflection of the higher returns to education in white collar occupations (requiring a high level of schooling) than in blue collar jobs (requiring a typically low level of schooling).
Aside from the estimates reported, the main contribution of the authors is to show that SSDP models may not only be used for estimating deep structural parameters and simulating counterfactual policy experiments, but may also be viewed as a substitute for linear IV estimation methods which impose a form of separability between the effect of the instrument and the error term of the first stage regression. 27 
Eckstein and Wolpin (1999): High-School Drop Out
Eckstein and Wolpin (1999) present a structural model of high-school attendance, work and academic performance. It is important to note that EW do not focus on the return to schooling. Indeed, post high school graduation is not modeled explicitly and they do not rely on Mincerian wage regressions. However, despite a high level of complexity, the model investigated by EW offers a relatively clear picture of the role of comparative advantages in school/work decisions. For this reason, it deserves some attention.
Basically, the model is structured as follows. Young individuals receive both part-time and full-time wage offers which depend on their ability endowment. Their ability endowment is itself correlated with their abilities affecting school performance and the consumption value of attending school. Working reduces school performance as well as leisure time, which is also valued by young individuals. The model is estimated using data from the NLSY 79. The sample is smaller than the one analyzed in Keane and Wolpin (1997) The smaller sample size is explained by the age requirement. More precisely, Eckstein and Wolpin only consider young males who were less than 15 as of October 1, 1977 .
EW stress four main questions. Who drops out of high-school? Why do youths drop out? Does working while attending school affects school performance? Would restrictions on employment affect the drop-out rate? The likelihood function (simulated) is the joint probability of school attainment, work hours (discretized), wages, credits and grades (school performance). As in Keane and Wolpin (1997) , all heterogeneity is regarded as unobserved, and they assume that the population is represented by four types.
Basically, they find that working while in school reduces academic performance although the effect is small. They find that the school drop out decision is typically explained by at least one of the following attributes; a low school ability (or low motivation), high ability at wages that do not require high school graduation, high value of leisure or low attached value to high school graduation. Altogether these results imply that policies aimed at forcing young individuals to stay in school will not really be effective at increasing graduation rates.
Overall, the rich heterogeneity components allowed in EW illustrates the notion of comparative advantages that hides behind the positive correlation between market ability and taste for schooling reported in . It also sheds light on the reasons behind the ineffectiveness of tuition subsidies for the low ability types in the population, reported in Keane and Wolpin (1997). 
The authors use a model similar to the one found in their 2002 paper and show that the estimates of the dynamic programming model with a rich heterogeneity specification, may be used to obtain virtually all treatment effects proposed in the microeconometric literature; the average treatment effects (ATE), the average treatment effects for the treated and the untreated (ATT/AUT), the marginal treatment effects (MTE) and, finally, the local average treatment effects (LATE). More specifically, BH are able to reconcile the well known discrepancy between OLS estimates of the returns to schooling and their IV counterparts (the LATE estimators).
To do so, they simulate various experiments: an overall decrease in discount rate, a decrease in discount rate from grade 13 onward, and an increase in the utility of attending school in grade 12, and an increase in the utility of attending school during college. In turn, these artificial experiments provide the authors with valid instruments which may be used in order to estimate the returns to schooling by standard IV techniques. The results indicate that the degree of dispersion found in the population can be reconciled with the existence of high IV (or LATE) estimates. Indeed, the artificial IV estimates are comparable to those very high estimates often reported in the literature (they lie between 0.10 and 0.12). They exceed both the OLS estimate and the structural dynamic programming estimate (the population average), which is around 0.04.
Using various simulations, BH are also able to illustrate the degree the degree of heterogeneity in the individual specific reactions to these various experiments and link the returns to schooling with the individual specific reactions. The results indicate clearly that the effects of a policy change are not solely located within a sub-population of individuals who are close to the margin of entering college but that the high IV estimates are also explained by the reactions of those who would have attended college no matter what. In the literature, the local average treatment effect is to be understood as a measure of the returns to schooling within the sub-population affected by the experiment but it is almost always interpreted as a measure of the effect of a policy experiment for those who are at the margin of entering college. In some specific cases, for instance when an intervention affects the discount rate, they show that the individual specific reactions are not of the same sign for all types. They conclude that this may indicate the invalidity of the separability/monotonicity assumption required for the identification of linear IV (LATE) estimators.
These results are encouraging. They indicate that the structural dynamic programming model with multi-dimensional heterogeneity is capable of explaining the coexistence of relatively low returns to education (on average) with very high returns for some identified sub-populations and is capable of explaining the well known OLS/IV puzzle. As well, the structural approach is capable of unifying various treatment effect measures such as the LATE, the ATT and the MTE. Perhaps, the key contribution of this sort of analysis is to provide a framework for estimating the returns to schooling that does not require a monotonicity assumption and, furthermore, allows the econometrician to investigate the validity of the assumption. Their constructive identification proofs suggest a simple estimation method. 30 In their empirical application, Magnac and Thesmar investigate three competing explanations for the increase in schooling attainments observed between 1980 and 1993 in France. These factors are the increase in the return to education, a decrease in the direct and psychic costs of schooling and a decrease in academic requirements (an increase in the success probability given enrolment).
The model is set up as a standard optimal stopping problem and is estimated from data taken from the "Enquete Formation Qualification professionnelle" performed in 1993 by INSEE. They focus on cohorts of individuals born between 1963 and 1973. MT show that flexible regression methods may be applied to the sample analog of the net gain of staying in school for one period, and may be used to resolve all questions mentioned above. Interestingly, the authors find that, in France, the increase is most likely explained by the decrease in academic selectivity. 29 As shown in Heckman and Vytlacil (2005) , in absence of a monotonicity condition, the IV estimation strategy collapses completely and cannot even estimate consistently the effect of schooling for those affected by a policy change. 30 More precisely, the method develop by Magnac and Thesmar (2002,a) uses the fact that value functions, after suitable normalization, are functions of choice probabilities only. It is therefore simpler than the method proposed by Hotz and Miller (1993).
Cohen-Goldner and Eckstein (2002 and 2004): Training and Occupation Choices of Immigrants to Israel
In two companion papers, Cohen-Goldner and Eckstein (2002 and analyze the behavior of male and female immigrants newly arrived from the former Soviet union and who choose between working and attending government provided training courses. Although the authors are not concerned with schooling per se (schooling obtained in the Soviet Union is assumed to be pre-determined), government provided training may still be viewed as a form of general skill. As in Keane and Wolpin (1997) , the agent has the choice between working in a blue-collar job or a white collar job. In both papers, the authors assume that the job offer rate and the labor market wage depend on the occupation as well as the participation in training. This constitutes a more general framework to evaluate publicly provided training program than what is typically found in the evaluation literature.
As the papers are structured in a similar fashion, I first summarize the 2004 paper, which focuses on female immigrants. At the end, I will briefly state the findings of the 2002 paper. The data is based on a set of retrospective surveys conducted between 1992 and 1995. The surveys targeted immigrants from the former Soviet Union who came to Israel between 1989 and 1992. As schooling has been completed before the migration option was actually feasible, it is treated as exogenous. The offered wage in occupation j follows a Mincerian wage function that is (25) where K j,t−1 is actual work experience accumulated in occupation j and DT t is an indicator equal to 1 if the individual has completed a training program by date t. The offer probability is also occupation specific and depends on the training indicator.
The individual benefit from the availability of training is measured in this study by the increase in expected lifetime utility, which consists of the effect of training on employment, wages and preferences. As the authors use quarterly data, they model the first 20 quarters specifically and approximate the terminal value function (in quarter 21) by a linear function.
The results indicate that both schooling and experience imported from the country of origin have no effect on wages. However, an additional year of white collar experience raises white collar wages by 3.9% and blue collar wages by 2.7%. The return to blue collar experience is negligible in both sectors. More importantly, the wage return to training is almost 20% in white collar occupations but it is not statistically different from zero in the blue collar occupation. As well, the authors find that training has a positive impact on job offer probabilities in both occupations. However, the impact is much stronger on white collar job offers. Overall, the results suggest that training reduces unemployment substantially.
The authors conclude by performing policy experiments such as reducing and increasing training availability. This is achieved by lowering or increasing the probability of finding a training opportunity. They conclude that, unlike what is found in the classical evaluation literature, the social and private gain to training is large. This is true despite the virtually null effect that training has on blue collar wages.
Finally, in Cohen-Goldner and Eckstein (2002), a similar model is fit to the male counterpart sample. The fundamental behavior of male immigrants and female immigrants do not appear different. Unlike in the paper devoted to female immigrants, the authors are able to fit the dynamic programming model for two types of individuals. The results are quite similar, although the return to white collar experience and white collar vocational training (0.15 and 0.10 respectively) are higher. Fundamentally, as for female immigrants, a positive effect of vocational training is only found for white collar occupations.
It should be noted that the contribution of Cohen-Goldner and Eckstein goes beyond the sole structural literature. Indeed, ϕ 6j constitutes one of the most investigated parameters in the "treatment effect" literature. This is particularly true in the case where the effect of training is allowed to be individual specific. The SSDP approach proposed by Cohen-Goldner and Eckstein may be viewed as an alternative estimation method to the popular treatment effect models common in the empirical literature. The key difference is that their model is set in a dynamic setting and it considers multiple ways in which training may affect labor market outcomes; namely wages, employment (job search outcomes) and timing of re-employment. These findings are fully consistent with the existing literature. Indeed, in the training literature, it is customary to report very low estimates for the effects of training on wages (Heckman, LaLonde and Smith,1999) . That is, the effect of training on the mean wage offer for less advantage workers is close to zero. However, it has been recognized that training may significantly affect the employment probability (Ham and Lalonde, 1996) .
General Equilibrium Models of Schooling

The Structure of the Labor Market: General vs Partial Equilibrium
In the literature, the partial equilibrium approach has been favored in most empirical applications. To understand the key implications of the choice between a partial and a general equilibrium setting, it is useful to re-examine (1). In a partial equilibrium setting, the skill unit price is subsumed in the intercept term. In a general equilibrium framework, changes in wages are decomposed into changes in skill price and changes in skill levels. 31 The change in skill price is typically identified though movements in aggregate measures of some of (or all) the inputs relevant in the production process. These may include changes in cohort sizes or changes in physical capital. Until now, the authors concerned with general equilibrium inference have only considered time series changes in skill prices but have always implicitly assumed stationarity in the skill production function. 32 
Heckman, Lochner and Taber (1998): Post Schooling Human Capital and Inequality
Heckman, Lochner and Taber (1998) is the first general equilibrium model with endogenous schooling. As Keane and Wolpin (1997), Heckman, Lochner and Taber (HLT) set their model in a multi-skill environment. Actually, the model allows for two skills, but skills are associated with schooling level (high school graduates and college graduates) as opposed to occupation (Keane and Wolpin, 1997).
It is convenient to think about HLT as a two-period model. Individual schooling decisions are made in period 1. The choice is to attend college or not and it is affected by a random shock. In turn, this choice dictates the sector in which an individual will be working. Subsequently, on-the-job training and saving decisions are made (deterministically) for the remaining periods.
It should be noted that the human capital production function chosen by HLT is more general than most of those used in the literature. There exist a skill specific function for each school level. The return to schooling therefore varies with age (as post schooling human capital is accumulated) and cannot be summarized in a single parameter. As a matter of fact, the model does not belong to the class of linear separable models in which the returns to experience is independent of schooling.
In their model, the wage rate is the product of the skill rental price and the amount of skills devoted to their current employment, after removing the current fraction of the period devoted to on-the-job training). There is a key difference between a general equilibrium model and a partial equilibrium model. The returns to schooling depends on how many other people go to college since the wage rate decreases with school attendance. In partial equilibrium, this is ignored.
HLT pay a particular attention to the effect of a simulated change in tuition policies on college enrollment, a topic beyond the scope of this survey. 33 A notable 31 Multiple skill models are developed in Willis (1986) and Heckman and Sedlacek (1985) . 32 To my knowledge, the time series properties of the human capital production function has not been investigated in conjunction with the well documented recent increase in wage inequality. For a discussion of several empirical issues in the wage inequality literature, see Lemieux (2004) . 33 For a survey of the literture concerned with tuitio policies, see Wolpin (2000) .
difference between HLT and the rest of the papers in the literature is the modeling of post schooling human capital accumulation. As opposed to models where experience is only modeled through the decision to work or not (say like Keane and Wolpin, 1997) , the portion of time endowment spent on on-the-job training activities is decided by the workers. In HLT, there is no unobserved heterogeneity. Difference in skills/motivation are measured by AFQT scores. As the authors assume the existence of a specific human capital production function for each schooling level, the wages are not represented by a classical wage regression function with separability. Schooling facilitates on-the-job training and the return to schooling is changing with age.
As stated before, the returns to schooling reported in HLT are not directly comparable to those found in Mincerian wage regression. The returns are age specific and take into account the causal effect of schooling on training opportunities. As well, their estimates are not computed for a marginal year but for a high school/college graduate differential. When put back on a per-year basis, their estimates range between 8% per year and 17% per year. Given this, these estimates are not particularly high. They are indeed compatible with those reported in . 34 
Lee (2005): Cohort sizes, Occupation Choices and Wages
Lee (2004) estimates a dynamic general equilibrium model of career decisions in the spirit of Keane and Wolpin (1997) . Using CPS data on employment, cohort sizes schooling attainment and occupation choices, Lee investigates how cohort size affects wages and investigates how a counterfactual tuition policy changes would change college enrollment. From the individual optimization side, his model is quite close to Keane and Wolpin (1997) . Basically, individual make schooling and occupation choices made between age 16 and 65 based on the skill endowment at age 16 and on current as well as future skill prices. lee focusses on 2 main skills; blue collar and white collar occupations. however, in his model, skill prices are determined endogenously in the market. They depend on the aggregate supply of white and blue collar workers as well as on capital. The marginal product of each skill is derived through an aggregate production function. In order to estimate the model, he assumes that individuals have perfect foresight about future skill prices As in Keane and Wolpin, his wage regression is linear in schooling and quadratic in accumulated experience and he estimates returns to schooling which are occupation specific. Given the complexity of the model, he assumes that his population is composed of two types only. Aside from the general equilibrium aspects, Lee also needs to approximate the value functions numerically He uses approximation techniques which appear similar to those used in Keane and Wolpin (1997) .
The main results are consistent with was reported before. First, he finds a positive correlation between white collar skill and taste for schooling but a negative correlation between the blue collar skill and taste for schooling. As in Keane and Wolpin (1997) and , he finds relatively low returns to schooling. The return to schooling in white collar occupation is 0.079 while it is equal to 0.048 in the blue collar occupation. As well, the return to experience upon entrance in the market exceeds the return to schooling (it is o.094 for white collar experience and 0.022 for blue collar occupation). Interestingly, the returns are quite close to those obtained by Keane and Wolpin (1997) , even though they are obtained from a different data set.
Lee and Wolpin (2006): Intersectoral Mobility
Lee and Wolpin (2006) extend both Keane and Wolpin (1997) and Lee (2005) so to estimate a two-sector (goods and service) equilibrium model of endogenous schooling, occupation and sectoral choices. As do Lee (2005) and Heckman, Lochner and Taber (1998), Lee and Wolpin assume a competitive equilibrium model. The model embeds both supply and demand features that may explain the secular increase in service sector employment in the US.
The model includes an aggregate Constant Elasticity of Substitution (CES) production function for the goods and service sector with three skill types (white-, pink-, and blue-collar occupations) and capital. The model is quite comprehensive. It also includes both time-varying neutral and nonneutral technological change and accounts for aggregate productivity shocks. Agents choose among eight discrete alternatives; schooling, home production and any of the six sectoroccupations possible. In order to solve for the six different skill prices (which must equate the marginal revenue product), the authors develop a reduced-form approximation of the rational expectation equilibrium.
To estimate the model, Lee and Wolpin use a method of moments estimation technique. They use data moments on employment (occupations and sectoral shares), wages and schooling from the Current Population Survey (CPS) from 1968 to 2001 and the NLSY79. The model is very involved and has a large number of parameters. However, given the objective of this survey, it is important to retain that both sectoral and occupation mobility costs are found to be very high. For instance, the cost of moving from any occupation in the goods sector to the same occupation in the service sector is close to $10,000 per year. Interestingly, given the structure of the model, the return to schooling is sector and occupation specific. Schooling increases white collar wages the most in both sector, and given occupation, the return to schooling is higher in the service sector. Overall, the returns are low and comparable to those reported before.
A Comparison of the IV and the Structural Approaches
This section is devoted to the comparison of the structural and the IV (experimental) literature. In order to compare structural estimates with reduced form estimates, it is useful to review the aspects that both approaches may have in common but is also important to point out the main attributes of the structural literature that distinguish it from the natural experiment literature.
The Experimental Literature
As mentioned earlier, a large number of papers based on Instrumental variable (IV) techniques have been devoted to the estimation of the returns to schooling. For a large part, this literature is based on "institutional features" of the education system.
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Card (1999 and 2001) presents an in-depth survey of the IV literature devoted to the returns to schooling and discusses the main conceptual issues within a unifying theoretical structure in which individuals compare the benefits of schooling with the costs of schooling born early in the life cycle. He reports that a large number of studies find that IV estimates exceed OLS estimates by a wide margin. He notes that IV estimates obtained for other countries may be lower, but the tendency to obtain IV estimates which exceed their OLS equivalent has been observed in many different data sets and for many different countries.Rosenzweig and Wolpin (2000) present a survey of the economic literature using natural experiments and focus their discussion on the implicit assumptions made in the IV literature. They discuss the returns to schooling and the ability bias as a special case.
Apart from arguments related to classical measurement error in schooling, it is common to explain the OLS/IV discrepancy by the existence of potential heterogeneity in the returns to schooling. 36 In the presence of heterogeneity in the returns, the IV estimate is inconsistent for the population average. Indeed, there is a large econometric literature concerned with the interpretation of IV estimates when the slopes are individual specific. In the context of a random coefficient model, the IV estimator is sometimes referred to as a Local Average Treatment Effect (LATE). 37 Under certain conditions, the LATE estimator may be understood as a measure of the returns to schooling for the sub-population affected by the experiment (the instrument). It is often postulated that the high returns are explained by the fact that those individuals more likely to react to an exogenous policy change are those who are at the margin of deciding to enter college before 35 This literature is sometimes referred to as the "Natural Experiment" literature. 36 Measurement error will be discussed briefly in Section 9. Recent surveys of the IV literature do not seem to retain the measurement error explanation as an important one (see Heckman, Lochner and Todd, 2005) . 37 See Imbens and Angrist (1994) .
the policy change and that they have higher returns to schooling than average. Precisely, the IV estimate is an average value for a sub-population which has been influenced by the instrument, although the density of this sub-population is not identified. The difference between OLS and IV estimates is therefore explained by the non-representability of this sub-population. Ultimately, the OLS/IV discrepancy is not necessarily incompatible with the positive ability bias.
What do the IV Literature and the Structural Literature share in Common?
Despite the existing split in the econometrics literature between those advocating the IV approach and those advocating structural analyses, it is useful to compare the foundations underlying each approach and to recognize their commonalities. Obviously, empirical work is impossible without some assumptions. For the sake of the presentation, it is important to distinguish between two types of assumptions; namely behavioral (fundamental) assumptions and secondary assumptions. Behavioral assumptions are those that allow to link a particular empirical model to fundamental economic theories. For example, some specific assumptions will dictate if the underlying model is consistent with static or dynamic (forward looking) behavior, or if the agent is behaving according to a rational expectation analysis, or if an agent faces uncertainty.
In the IV literature, the behavioral assumptions are explicitly stated by the designation of the "endogenous" variable but are also often implied by the "orthogonality" conditions (between the instrument and the error term) imposed on the problem. These orthogonality conditions often reveal the compatibility of the empirical model with the possible underlying theories, but moreover, will imply which variables, not directly part of the model but part of the error term, are implicitly assumed to be exogenous. In the structural literature, the behavioral assumptions are explicitly stated in the sense that the optimization problem assumed to be solve by the agent is an input in estimation.
Secondary assumptions, on the other hand, belong to the later stage of econometric modeling and consist of auxiliary statistical assumptions. In the contemporaneous econometric jargon, these assumptions are often referred to as "functional form" assumptions. They are, for the most part, dictated by convenience and rarely originate from economic theory. In the structural literature, such assumptions may include the parametric form of preferences and technology or the distribution of the stochastic shocks. 38 In the IV literature, the econometricians often focus on an outcome equation and work with flexible specifications, but the effect of the instrument on the induced change in the endogenous variable is typically restricted. The assumption that pertains to the change induced by an instrument is called "Monotonicity". 39 The monotonicity condition may be viewed as a statistical (or functional form) assumption. It is no way related to economic theory.
At this stage, it is neither possible, nor sensible, to try to determine which approach to estimation is more dependent on assumptions. For one thing, the economist does not really know the dimensionality of the vector of endogenous variables (especially over the life cycle). Furthermore, the relative impact of the statistical and the behavioral assumptions made in each specific paper is usually the object of speculation, but not the object of formal work. Put differently, it is virtually impossible to distinguish the structural literature from the IV literature on the basis of their propensity to use assumptions. It is rather by understanding the nature of their specific assumptions that economists will move toward the comprehension of the fundamental differences in the two approaches.
What Distinguishes the Structural Literature from the IV Literature?
Despite their reliance on a potentially large number of assumptions, the structural approach and the IV approach are clearly not equivalent. As neither estimation method can be nested in the other, it is important to understand the key dimensions of the structural approach that distinguish it from the mainstream IV approach. For some econometricians, these dimensions form the basis of the "comparative advantages" of the structural approach. For others, they may represent its weaknesses. In any event, these differences may be the key to understanding the reasons behind the diverging estimates of the return to schooling. 40 When trying to comprehend these discrepancies (in Section 9), it will be useful to organize the discussion around these points.
To fix ideas, it is important to consider the fundamental inputs used by IV advocates and those used by structuralists. The fundamental inputs of the structural analysis are i) the individual per -period preferences, U ik (t, ω ik , ε k it ), and ii) the law of motion,
Under some conditions that will ensure the regularity of the problem, the solution (the characterization of the optimal choice probabilities) is representable by a function Ψ s i , such that
The superscript s stands for "structural" since an equivalent function will also be 39 The term "uniformity" is also used as an equivalent expression. Fundamentally, the monotonicity assumption is equivalent to a form of separability. 40 The advantages of the IV (or the Natural Experiment approach) are discussed extensively in the literature (see Card, 1999 , and Angrist and Krueger, 1999 introduced for the experimental analysis. 41 In general, and despite the separable form of U ik (t, ω ik , ε k it ), Ψ s (.) is not separable in its elements.
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To link structural analysis with experimental analysis, it is convenient to define an "experiment" as a change in one component of the determinants of the individual choices. Within a dynamic framework, an instrument is the pendant of a non-anticipated change in a state variable or a parameter. This parameter may belong either to U() or t (.), or, in some cases, it may also be β. 43 In the case where the experiment boils down to changing one element of Ω t (say ω
Generally,
is not separable in its elements, and in particular, with respect to the the heterogeneity components (ω ik , η i ).
In the IV literature, there are also two fundamental inputs. The first input is the outcome equation which is, in general, part of the law of motion. Indeed, experimentalists and structuralists do not only share the same outcome equation, but may even analyze an equivalent parametrization. However, the key distinction comes at the level of the assumptions regarding the link between ω 1 t and the endogenous variable (d ikt ). In the IV approach, the distinction between parameters, state variables or other primitive quantities is not possible. As policy makers do not necessarily set institutional changes in terms of the fundamental economic parameters or in terms of precisely defined state variables, the econometrician typically assumes that there exist some exogenous variable, Z i , which captures exogenous changes in the environment of the individual. In practice, policy changes may alter several parameters (or state variables). For instance, the payment of a college attendance subsidy may reduce the costs of school attendance and may also change indirectly the individual rate of time preference if the individual is liquidity constrained. Effectively, when the variable Z i is a scalar, the analyst must assume that it is sufficient to summarize all changes in the environment, even if the changes affect a vector of parameters.
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To obtain identification, Z i must be excluded from the outcome equation and a form of "monotonicity" (or "uniformity") must be assumed. In practice, this 41 The reader interested in the technical aspect of discrete dynamic programming may consult Rust (1994) , or Whittle (19) . 42 This is because of the Emax(,) function. 43 In practice, policy changes may change several parameters (or state variables). For instance, the payment of a college attendance subsidy may reduce the costs of school attendance and may also change indirectly the individual rate of time preference if the individual is liquidity constrained. I am abstracting from the very special experiment which would consist of imposing a dictatorial choice on d kt . 44 The issue becomes even more complicated if one considers potential general equilibrium effects.
means that the underling schooling decision model may be represented by a latent index model such as
where Ψ E (.) is separable (weakly) in Z and ε and where a certain form of orthogonality between Z and ε must be maintained. 45 In many applications, the estimation strategy is based on the Wald estimator (a linear IV estimator based on a first stage linear probability model) and Ψ E (.) is linear. We can now proceed with a more precise discussion of the differences between the structural literature and the IV literature
Selectivity
By imposing an econometric structure in which young individuals make schooling decisions based on a set of parameters which includes their individual specific market abilities (ω ik , η i ), structural models offer an explicit specification of the selectivity process or, at least, they provide the opportunities to quantify the importance of selectivity through simulation methods. Put differently, in structural models, the individual specific ability term(s) inferred from lifecycle (panel) data on post-schooling wages is (are) forced to be an input in the maximization problem solved by the agent. When market ability enters the wage equation additively and when individuals maximize lifetime income, the resulting selectivity coincides with the celebrated notion of "ability bias" and the structural estimates allows the econometrician to quantify directly the OLS bias.
In the IV literature, the selectivity process is viewed as being driven by nuisance parameters in which the analyst has no explicit interest. 46 Indeed, estimation does not require to assume anything about the information set of the agent when schooling decisions are made.
The Specification of the Law of Motion
In many papers surveyed above, estimates of the returns to schooling (and experience) are obtained from a more flexible specification of the Mincerian wage regression than the one typically found in the experimental literature. In some cases, this flexibility refers to the possibility that the local returns to schooling vary with grade level. Structural analysis will allow the researcher to uncover all local returns (the functional form of ϕ 1 (.) in equation (3) . In other cases, it translates into the allowance for individual (or occupation) specific returns. If so, the structuralist has also interest in characterizing the higher moments of the returns to schooling.
In the experimental literature based on IV techniques, the effect of schooling is linear by choice, or is implicitly linearized, and it is ultimately summarized in a single parameter estimate. 47 
Heterogeneity: Separability and Monotonicity assumptions
To understand the effect of heterogeneity on schooling outcomes in a IV framework it is convenient to look at (26) and (28) . Clearly the monotonicity assumption has implications for the marginal effect that Z(or ω 1 t ) may have on schooling outcomes. The functional form chosen for Ψ E (Z i , ε i ) is the key element. In the IV/LATE literature, the separability assumption implies that a change in the instrument must affect everyone in the same direction. Heterogeneity in the effect of the instrument on schooling is therefore largely conditioned by this property. In the extreme case where Ψ E (.) is linear in the instrument and every individual shares the same slope, the marginal effect of the instrument is independent from all heterogeneity component.
These restrictions are at odds with the a framework where the outcome equation is parametrized so to allow enough heterogeneity (a feature that is typically motivating most empirical work based on IV). Indeed, the non-separability implies that an exogenous change in ω 1 t will always imply heterogeneity in individual responses and, furthermore, that the directions of the change in the endogenous variable is not restricted across individuals.
Identification of the population Affected by Exogenous Changes
In the IV literature, the schooling decision is usually specified as a static problem or, at most, as a two period problem and it is customary to focus on college attendance as the treatment of interest. If so, the schooling decision is represented as a binary choice and the individuals who would have decided to attend college without exposure to the instrument (as well as those who are not attending even after the implementation of the change) are identified as those not affected by policy changes. In a fully dynamic setting, the issue is more complicated. If one considers introducing a college attendance subsidy (paid over 4 years of college), the subsidy will not only affect those who would not have attended college but also some of those who would have entered college even without being exposed to the experiment by increasing their continuation (graduating) probabilities. Equally, the subsidy may attract potential high school drop out to graduate from high school. This implies that those affected by an exogenous change in schooling costs are not only those who are at the margin of taking a decision (say to attend college) but may also be those who would have gone to college no matter what, but were affecting though continuation (or graduation) probabilities. This is also a major difference between the structural approach and the IV approach.
Post schooling optimization and Exclusion restrictions
The core assumption (s) behind all IV estimation strategies is (are) the exclusion restriction(s). When the wage outcomes are measured after the effect of the instrument has set in, the exclusion restrictions typically imply that a variable observed at one point in time affects the choice that an individual made at that time, but does not affect future outcomes. These conditions act as identifying conditions. In a static (single period) framework, this is easy to conceive. However, within a dynamic framework ,the Markovian structure of the law of motion (see equations 14 and 15) will often imply that future choices are affected by previous state variables. If so, the exclusion restrictions may be incompatible with a dynamic model.
This may be well illustrated by examining the treatment of labor market experience as a substitute for time spent in school in order to achieve higher life cycle wages in both approaches. While most authors using IV techniques based their estimation strategy on finding exogenous events (natural experiments) which are orthogonal to unobserved ability, they rarely take into account that individuals keep optimizing beyond school completion. This is surprising as labor market experience (including learning on-the-job, training or job search) represents a key substitute to schooling as a mean for enhancing life cycle wages and as most researchers do not draw inference solely from entry wages. A survey of the IV literature reveals that practically no paper presents a joint estimation of the returns to schooling and experience, other than occasional inclusion of a control for age or for potential experience. Yet, without controls for individual differences in accumulated post-schooling human capital, it is difficult to give an interpretation to the discrepancy between OLS and IV estimates of the return to schooling.
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To see this, consider the following simple framework where the wage equation is
and where P SHC it denotes all cumulated post schooling human capital investment activities (training, search and learning) which have taken place by date t (when wages are measured).
To illustrate the nature of the models investigated by most of the authors in the experimental literature, suppose that you wish to estimate a simplified version of (29) using instrumental methods 49 , namely
where
Assume that you are given access to an instrument Z i . Typically, Z i refers to the occurrence of an event that took place before t, say at t , or, equivalently, that the instrument comes into effect at time t (that is each individual decides to attend (or continue) school or at t based on the realized value of Z i ). For example, Z i may be season of birth, distance to college or change in mandatory schooling age. Clearly, for this instrument to be a valid, it must be that
which is a much stronger condition than Corr(Z i , η i ) = 0. However, in general, (32) cannot be true since Z i is typically correlated with P SHC it by construction. This may easily be demonstrated using technical arguments but it can be also illustrated with more intuitive arguments.
In technical terms and in the context of the model presented in Section 4, the issue is the following. First, consider a cross-section of wages measured at period t = t + s, which represent one element of the state space at the beginning of period t + s, which I denote by ω w t +s . The non-orthogonality is explained by the fact that all elements of Ω(t + s), including ω w t +s , are affected by Z i since the choices made at t (the d kt s) are affected by Z i (because Z i is an instrument). Therefore, this also means that actions taken between t and t + s are also potentially affected by Z i . From the recursive structure illustrated in (15), we get that
which illustrate again that any element ω w t +s may only be independent of Z i after conditioning on Ω t +s−1 .
In most empirical applications, the researcher assumes that the effect of Z i is limited to d kt only. However, realistically, η * it is affected by the entire history of d kt s from t to t + s. This illustrates the differences between an IV strategy set in an intertemporal context where individuals optimize sequentially in every periods, and one set in a more standard (static) context. In a purely static problem with two endogenous variables and only one instrument available, it is possible to include one of the endogenous variables in the error term, as long as the instrument is orthogonal to the omitted endogenous variable. In a dynamic setting, it is the orthogonality between the instrument and the endogenous variable(s) realized after the effect of the instrument that is automatically violated.
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An intuitive illustration may be provided in the context where the instrument refers to season of birth or differences in birth outcomes (Angrist and Krueger, 1991) or distance to college (Card, 1995) . Clearly, an individual who loses one potential year of schooling may then react by investing in post schooling training, in search activities and/or in any other wage enhancing activities. Similarly, an able individual willing to maximize lifetime income and who is born (or raised) far away from the nearest college may also invest heavily in wage enhancing post-schooling activities.
Rosenzweig and Wolpin (2000) discuss similar issues in a variety of micro economic models which are inherently dynamic and discuss the season of birth example. 51 They also point out that this criticism does not imply that experiments are irrelevant pieces of information but rather that the multiplicity of instruments required to estimate a sequential model may be a serious barrier to estimation.
To a large extent, it is possible to view the structural literature on the returns to schooling as an alternative estimation method which allows the researcher to get around many of the fundamental shortcomings and make progress on several points where the experimental approach may not be conclusive. It is the key differences between the structural and the experimental approach that allow the researchers to shed new perspectives on the estimation of the returns to schooling and experience and the sign of the Ability Bias.
Why do Structural Estimates and IV Estimates of the Return to Schooling Differ?
This is, of course, the natural question to ask at this stage. Before answering it, I compare estimates obtained in the structural literature with some of the most representative studies based on an IV framework. Table 1 summarizes the structural estimates of the returns to schooling in all models in which schooling is endogenously determined. As seen earlier, in a linear setting, the marginal effect of schooling on log wages lies between 4%
A Brief Comparison
50 Presumably, the period between the realization of the instrument and the measurement of the wage outcome (namely s) may also be relevant in assessing the lack of orthogonality. 51 It should be pointed out that this particular issue arising in a dynamic setting has already been noted in the dynamic rational expectation literature in the early 80's.
and 7% per year of schooling. Interestingly, the returns are also low when nonlinearities are allowed, although the local returns in college average around 10% per year. However, when averaged over the relevant range (from grade 7 to college graduation), the average is also around 5%. These estimates are typically lower than their OLS counterpart.
A set of estimates reported in the experimental literature is summarized in Table 2 . These are representative of a large body of work and include Angrist and Krueger (1991), Card (1995) , Lemieux and Card (2000) and Staiger and Stock (1997) . For the most part, IV estimates reported in Table 2 
Explaining the Differences
Explaining the divergence between structural and IV estimates is largely complicated by the fact that neither estimation method is directly nested within the other. Furthermore, IV methods typically provide a single point estimate for the return to schooling whereas SSDP techniques may provide a single estimate, a grade specific estimate or a population distribution, depending on the dimensionality of the heterogeneity terms or on the degree of non-linearity incorporated in a particular model. As a consequence, a formal answer cannot really be given. Nevertheless, I believe that the fundamental differences between the structural and the IV approaches (identified in Section 8) may now serve as a basis for understanding the differences in the estimates. For the sake of the discussion, it is informative to distinguish general reasons that would apply in cases where the return is a single parameter as well as more general settings from other reasons that apply specifically in a context where the return varies with the level of schooling or varies across individuals. Ultimately, I have grouped these potential reasons into five distinct sets.
Systematic Bias and Measurement Error in structural methods
As a first step, it is natural to search the intrinsic nature of the structural approach for a systematic bias which could, for instance, lead to low returns to schooling. A survey of the structural papers in which an estimate of the ability bias is either directly or indirectly available would reveal that the correlation between the utility of attending school and labor market ability is always unrestricted. For that matter, none of the structural estimates presented herein seem to be systematically biased toward a positive ability bias.
Similarly, the existence of potential (significant) measurement error, often put forward as an explanation for the OLS/IV discrepancy, is very unlikely to be a sufficient explanation. The measurement error argument often advanced to explain the OLS/IV difference is typically set within a classical framework which ignores the correlation between schooling levels and the measurement error itself and also ignores the discrete nature of the schooling variable. Structural models are intrinsically non-linear and the estimates are obtained from the solution of a large number of moment conditions. Moreover, structural estimates are not only lower than IV estimates but they are also much below OLS estimates. Indeed, the distance between structural and the corresponding OLS estimates is typically as large as the OLS/IV difference. Without real advances in the econometric analysis of the impact of measurement error (non-standard) within non-linear models, it is difficult to say more.
The Inconsistency of IV Estimates
As indicated in the previous section, the reliability of the experimental approach may also be questioned. Indeed, the econometric evaluation of the assumptions behind IV strategies is the topic of much on-going research in theoretical econometrics.
First, IV techniques may be applied in a context where the instrument is only weakly correlated with schooling attainments (Staiger and Stock, 1997) . Indeed, before the late 90's, most empirical researchers concentrated their efforts on finding an instrument uncorrelated with neglected ability, but the power of the instrument chosen was practically never investigated. In the presence of weak instruments, reported estimates may be at best imprecise and, at worst, seriously biased (or inconsistent). The large bias is explained by the magnifying effect that the weak correlation between the instrument and the endogenous variable may have on the possible correlation (non-zero) between the instrument and the error term of the regression. As a consequence, the validity of very high returns to schooling, reported in a simple regression framework, may be seriously questioned. Carneiro and Heckman (2003) presents an in-depth analysis of various instruments used in the literature.
As recognized in the experimental literature, in presence of heterogeneity in the returns, the IV estimate is inconsistent for the population average and the resulting estimate may reflect the returns of a sub-population only. Often, this sub-population is implicitly assumed to be made of individuals who are indifferent between entering a benchmark level of schooling. The examples provided in BH (2005) illustrate the key distinction between the interpretation that must be given to IV estimates set in a discrete (2 period) framework and estimates obtained within a dynamic model. In a simple two period model, the individuals who would have decided to attend college without exposure to the instrument are obviously not affected by policy changes. In a fully dynamic setting, the issue is more complicated. If one considers introducing a college attendance subsidy (paid over 4 years of college), the subsidy will not only affect those who would not have attended college but also some of those who would have entered college even without being exposed to the experiment by increasing their continuation (graduating) probabilities. This simply means that the effects of a policy change are therefore not solely located within a sub-population of individuals who are close to be at the margin ex-ante.
Finally, and as shown in Heckman and Vytlacil (2005) , when the separability/monotonicity condition is violated, IV/LATE methods provide even inconsistent estimates of the effect of the change in policy for those affected. In practice, the inconsistency is explained by the existence of "two-way flows" caused by the instrument. 53 Belzil and Hansen (2005) present a characterization of several counterfactual experiments and show how the reactions are correlated with the individual specific returns to schooling. They also show that, in specific cases where an intervention may affect the discount rate, this same intervention may also affect the schooling decisions of some individuals in opposite directions.
The Endogeneity of Post-Schooling Human Capital Accumulation
Another explanation may simply be that the Mincerian wage regression incorporates two many endogenous variables and that the dimensionality of the vector of instruments required is larger than the number of instruments actually available. Put differently, it is the lack of control for the endogeneity of post-schooling work experience that may be the cause. However, as appealing as this explanation may be, in the presence of a diversity of post-schooling opportunities such as training, search and learning, it is a difficult task to predict the sign of the correlation between omitted post schooling wage growth and both schooling and specific instruments. Only further work will clarify this issue.
The Functional Form of the Mincer Equation
When the effect of schooling on wages depends on schooling level itself, the discrepancy is much easier to explain. A survey of the reduced-form literature reveals that when IV techniques are chosen, the log wage regression is usually assumed to be linear in schooling. However, there is no obvious reason to presume that the local returns to schooling are independent of grade level. As individuals with a lower taste for schooling tend to stop school earlier, OLS (or IV) estimates of the return to schooling, which impose equality between local and average returns at all levels of schooling, will be strongly affected by the relative frequencies of individuals with high and low taste for schooling. 54 More precisely, if there are large differences in local returns between various grade levels, the OLS estimate (measuring an average log wage increment per year of schooling) will tend to be biased toward the local returns at schooling attainments that are the most common in the sample data. Therefore, the difference between the average return to schooling obtained from structural estimates and IV estimates is easily explained.
The Consideration of Psychic Costs
Finally, the simultaneous consideration of individual specific psychic costs and wage returns, present in structural models, may also be a key reason. In the structural approach, observed wage differentials across schooling levels are matched to actual choices by adjusting psychic costs estimates (for a given rate of impatience). For example, high returns are only compatible with decisions to leave school in presence of non-trivial psychic costs. However, and as seen earlier, structural estimates, which are low compare to IV estimates, already imply a relatively important high-school/college premium (a relatively high degree of convexity). Assuming that psychic costs are probably prevalent in late high-school years and, even more, in college, if the returns to schooling would be as high as 15% per year, optimal schooling decisions would require higher psychic costs and, moreover, a much higher high-school/college premium than what is seen in the data. 
Conclusion and Avenues for Future Research
In conclusion, it is probably fair to say the discrepancy between structural and IV estimates is primarily a reflection of the differences in objects estimated by the researchers. Classical IV methods have been developed in the context of static regression models in which slopes are common to all individuals. They are ill equipped for estimating population averages and they do not arise as a natural estimation strategy in a context where agents continuously optimize in a dynamic environment, even though they are capable of measuring the returns to schooling for sub-populations defined in function of a reaction to a policy change.
SSDP techniques, on the contrary, reflect the desire to model endogenous decisions as well as outcomes for randomly sampled individuals. For this reason, structural estimates are more naturally associated with classical measures of central location. The evidence reviewed in this paper seems to suggest that point estimates obtained within a structural framework are a better indicator of the population average than IV estimates. Interestingly, most structural estimates of the return to schooling are also smaller than their OLS counterparts and therefore imply that OLS estimates probably over-estimate the population average return. In a certain sense, structural estimation has revived the interest in the notion of "ability bias" and has brought credibility to the classical hypothesis that the observed correlation between wages and schooling is an over-estimate of the true causal effect of schooling on wages.
Finally, I would like to identify interesting avenues for future research where the structural approach may prove to be useful. First, as stated earlier, structural models are typically estimated under the maintained hypothesis that persistent unobserved (to the econometrician) heterogeneity is in the information set of the agent from the start of the optimization process. Whether it is a valid assumption or not is debatable. It would be interesting to develop estimation framework which allows for gradual learning about academic and, in particular, labor market skills.
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Second, despite the fact that most individuals spend a much larger share of their productive life in the market than in school, the structural literature (just like the experimental literature) has focused on the endogeneity of schooling. When treated as endogenous, work experience is modeled through occupation choices or as a simple discrete choice. Little is known about the relationship between schooling and the intensity of post-schooling human capital accumulation (including on-the-job training decisions as well as work intensity). This is an area where progress is likely to be made in a near future.
Third, the role of search frictions on both schooling and training decisions remains largely hypothetical. At the empirical level, those who have modeled human capital accumulation within a search framework have conditioned on schooling attainments and the effect of wage dispersion and schooling decisions has been completely ignored. There are no compelling reasons to do so. Indeed, it is well known that the distinction between offered and accepted wages is relevant and may affect both the estimate of the return to schooling and experience.
Finally, despite the general focus put on human capital theory, it is relatively well known that lifecycle wage growth may be partly disconnected from productivity growth. In the presence of incentive based employment contracts, just like in the case of search frictions, the interpretation given to post schooling wage growth becomes problematic (Lazear, 1997) . It would be interesting to investigate how schooling decisions are made in a context where promotions and human capital accumulation are alternative methods to enhance life cycle income.
Off course, there are no reason why these topics should be investigated solely by structuralists. Each of these questions are interesting in their own right and, indeed, structural estimation is often viewed as controversial in empirical labor economics.
57 However, a realistic representation of the human capital accumu-56 This issue is discussed in Cunha, Heckman and Navarro (2005) . 57 It is much less so in empirical industrial organization and in dynamic macro economic lation process must recognize that skills may be enhanced by a wide variety of different tasks and that individuals are constantly faced with investment or search opportunities over their life cycle. This means that the occurrence of exogenous events happening at one particular point in time will rarely be sufficient to uncover the key economic parameters that characterize human capital accumulation over the entire life cycle. For this reason, the structural approach should be seen as a key tool for understanding skill formation behavior and for performing relevant policy evaluations. 
